ABSTRACT
INTRODUCTION
Virtual teams, teams with members who are geographically dispersed and rely primarily on some type of electronic communication, have become increasingly common [1, 46] . Teams have become a favorite vehicle for addressing complex problems at many institutions in part because complex problems require multiple perspectives and a diverse knowledge base that one individual rarely possess [2, 18, 30, 31, 45, 49] . Now technology allows organizations to virtually assemble physically dispersed expertise in ways previously unavailable [10, 46] . Despite the advantages of these virtual teams, they can present new challenges [13, 43] . One such challenge centers around team composition. Virtual teams are often more diverse than their face-to-face counterparts, which can engender subgroup formation [15, 47] .
Subgroup formation, the emergence of smaller groups within teams, has been found to have detrimental effects on teamwork in collocated [17, 24] and virtual teams [42] . For example, virtual teams with subgroups have been found to have higher conflict and coordination problems and lower trust [36, 42] . However, Gibson and Vermeulen [16] found an exception to the assertion that subgroups are inherently bad. They found that subgroup formation in collocated teams actually increased learning by providing social support and understanding for team members. Carton and Cummings [6] recently put forth a conceptual argument that could explain Gibson and Vermeulen's [16] findings. Carton and Cummings [6] proposed that the type of subgroups determines whether effects are negative or positive. Subgroups based on attributes other than race and gender could have positive impacts on teamwork. Despite their suggestion, the overwhelming amount of empirical evidence still suggests that subgroups are detrimental to teams (for a review see [55] ).
The goal of this paper is to determine whether race and gender diversity can qualitatively change the impact of perceptions of subgroups in virtual teams. In accordance with Carton and Cummings [6] , this paper proposes that when virtual teams are low in race and gender diversity, perceptions of subgroup formation are likely to be unrelated to identity characteristics and be positively associated with teamwork. However, when virtual teams are high in race and gender diversity, perceptions of subgroup formation are likely to be related to identity characteristics and be negatively associated with teamwork.
To accomplish this goal, we conducted a multi-level investigation of the effects of individual perception of subgroup formation among 98 individuals in 25 virtual teams. The study examines the effects between racial and gender diversity and individual members' perceptions of subgroup formation on their feelings about social integration and open communications. An individual analysis was needed because the impact of subgroup formation varies across team membership. It is quite likely that one individual has different perceptions about the virtual team's climate from another within the same team.
This study extends prior literature on subgroups in virtual teams. More research is needed to better understand the effects of subgroup formation in virtual teams. Currently the research on subgroup formation in virtual teams has only proposed and found negative effects associated with subgroup formation in virtual teams [36, 42] . Results of this study could provide evidence that subgroup formation can actually be good for virtual teams. This study also extends the literature on subgroup formation in both collocated and virtual teams. By empirically testing Carton and Cummings' [6] assertion this paper provides empirical evidence for why subgroup formation can be both beneficial and detrimental to collocated and virtual teamwork.
RELATED WORK
Although many theories are used to explain the impacts of subgroup formation, most focus on explaining how individuals place themselves and others into in-groups and out-groups [55] . Members in the in-group are seen as like oneself while members of the out-group are viewed as different. The in-group members form the basis of their particular subgroup, which does not include out-group members. The effects of subgroups can vary. On one hand individuals may simply favor their subgroup members and prefer to interact with them more than others. On the other hand, individuals may hold negative attitudes about out-group members and avoid interacting with them [24, 27] .
Subgroup formation has been associated with many negative outcomes. The positive bias toward team members within one's subgroup and the negative reactions toward those outside the subgroup can hamper inter-team relations [27] . Teams with subgroups can behave more like two uncooperative -or in some cases competinghalves rather than one cohesive unit. As a result, subgroup formation decreases social integration variables like trust and satisfaction and increases relationship, task and process conflict [27, 54] . As result, subgroup formation can decrease knowledge-sharing [24] and team performance [22, 27, 55] .
Researchers have recently begun to study the impacts of subgroup formation in virtual teams. Virtual teams with subgroup formation have been found to have significantly higher conflict and coordination problems, lower trust, lower team identification and lower-functioning transactive memory systems [36, 42] . At the individual level, team members have normally reported low levels of individual trust and higher levels of interpersonal conflict [40, 42] . Similar effects were found in globally dispersed teams where subgroup formation was based on cultural and temporal distance [41] .
RESEARCH MODEL
A central argument of this paper is that in virtual teams information about subgroup formation can be revealed through interactions. In addition, this paper proposes that perceptions can drive actions [19, 26, 57] . It is also expected that individual team members' perceptions vary within virtual teams. Therefore, this paper examines perceptions of subgroup formation in individual members of virtual teams. Figure 1 provides a summary of these arguments, which are elaborated below.
Subgroups, Racial and Gender Diversity and Social Integration
Research shows that the nature of team interaction is an important driver of task performance, particularly in virtual teams [45] . Social integration is an emergent state that reflects the extent to which team members experience positive interactions with their teammates [19, 31, 33] . As a multidimensional construct, social integration is often measured through such elements as cohesion, satisfaction, trust and enjoyment [19, 38] . Social integration has been a strong predictor of team performance in diverse collocated teams [19] and virtual teams [14, 31, 33] .
Subgroups would be expected to have a strong positive effect on one's perceptions of social integration in virtual teams low in racial and gender diversity. Because subgroups consist of at least two individuals they can often ensure that everyone has at least one person to turn to for support [16] . This would be expected to act as a strong mechanism to promote perceptions of social integration among members of virtual teams. In addition, the lack of racial and gender diversity can reduce the tendency of individuals to react negatively to others not in their subgroups; race and gender similarity within teams can help create a common identity even when there are subgroups [22] . This common identity can increase the psychological closeness among team members and set the stage for team interactions [19, 29, 46, 53] . For example, research has found that individuals in teams low in racial and gender diversity are more likely to recognize positive attributions of one another and be more forgiving of their teammates' mistakes [23, 39] . Similarly to Gibson and Vermeulen [16] , this paper proposes that the perceptions of subgroups in virtual teams low in racial and gender diversity are not likely to trigger negative reactions but instead be viewed as social support mechanisms. As such, perceptions of subgroup formation should be positively associated with social integration when racial and gender diversity is low.
Subgroups would be expected to have strong negative effects on social integration in virtual teams high in either racial or gender diversity. In these virtual teams subgroup formation is likely to be associated with either race or gender. This sets the stage for two potential problems. One, both racial and gender diversity in virtual teams have been found to decrease the ability of virtual teams to develop a common identity [47] . Two, this common identity has been found to be a key factor in overcoming the tendency of virtual team members to notice harsher dispositional attributes about, and lower cooperative behaviors toward, their teammates [20] . So, perceptions of subgroup formation in virtual teams high in racial and gender diversity are likely to be associated with a more a divisive team environment [5] . This makes for cold and potentially unpleasant interaction that can leave virtual team members feeling less satisfied and less engaged with the team [37, 44] .
H1) Perceptions of subgroup formation are negatively related to perceptions of social integration in virtual teams high in racial or gender diversity but are positively related to perceptions of social integration when virtual teams are low in racial and gender diversity.

Subgroups, Racial and Gender Diversity and Open Communications
Teams are often viewed as information processors [9] . In this view teams act as processors of their members' multiple perspectives and information [28, 45, 52] . This requires an open communication environment where members share and exchange information. The ability of teams to exchange and share information is seen as the key to their ability to identify problems, generate alternatives and recommend solutions [28, 52] . An environment that promotes information exchange has been found to increase many types of team performance [45, 52] . The exchange and sharing of information has been found to be particularly important to the performance of dispersed teams [45] .
The perceptions of subgroup formation can have a strong positive relationship with open communications in virtual teams low in racial and gender diversity. Individuals are often not forthcoming in team settings when they believe they hold a minority viewpoint [45] . Subgroups, which are composed of two or more members, can provide support to encourage team members to share their information. Subgroups can ensure that at least one other person will support that opinion [16] . Therefore, subgroups can encourage every member to share irrespective of the team's level of racial and gender diversity. However, the team's level of racial and gender diversity will impact how the information is received by other team members.
Members of virtual teams low in racial and gender diversity are more open to receive information from one another. Racial-and gender-homogenous teams tend to engage in more collaborative behaviors [19] . Collaborative behaviors are cooperative actions taken by the team and its members to provide supportive interactions [7] . This has been measured by acts of helpfulness and cooperativeness [25, 48] . Therefore, the perceptions of subgroup formation in virtual teams low in racial and gender diversity are expected to be associated with a more open communication environment.
However, in virtual teams high in racial and gender diversity team members are not as receptive to information from one another. Research has found that racial or gender diversity can negatively affect the extent to which team members are willing to agree with and build on one another's ideas [8, 21, 22] . This is because racial and gender diversity can invoke in-group/out-group comparisons within teams [22] . And although the presence of subgroups can encourage information exchange, it may be met with hostile reactions [8, 21, 22] . Subgroup members in raceor gender-diverse teams are much more likely to defend another's similar ideas at the expense of promoting an open discussion [21] . This hinders the ability of team members to exchange and share information [22] . This assertion is indirectly supported by Polzer et al. [42] . They found that subgroups based on nationality in virtual teams led to members experiencing more conflict between subgroups [42] . Similarly to race and gender, subgroups based on nationality represent a type of identity-based subgroup [6] . Taken together, both theory and prior empirical evidence suggest that perceptions of subgroup formation in race-or gender-diverse virtual teams is negatively associated the perception of open team communications.
H2) Perceptions of subgroup formation are negatively related to perceptions of open team communications in virtual teams high in racial and/or gender diversity but are positively related to perceptions of open team communications when virtual teams are low in racial and gender diversity.
METHOD Participants
The participants are students who were enrolled at a large public university's online global campus. This online campus is designed to provide distance education to working professionals. Students were assigned to teams as part of their course. All interactions among team members occurred online, so these teams were considered to be virtual teams. Typically, individuals were randomly assigned to teams; however, the final decision regarding team assignment was determined the instructor. The instructor was not aware of the research question or hypotheses being tested and none of the classes was taught by the author(s).
The participants' ages ranged from 26 to 49 with a mean of 37. Thirty-one percent of the students were women and 66 percent were white Americans while 34 percent were black Americans. All the participants were U.S. citizens. A total of 98 students in 25 teams, representing 90 percent of students, participated in the study. Team size ranged from 3 to 5 members. Team projects lasted on average 47 days. The team project was a class requirement but the students received extra credit for completing the survey.
Teams were provided with access to Blackboard software as a communication technology. However, teams were allowed to use any outside communication software they chose. Teams were asked which types of communication technologies they employed. Fifty-four percent of team communications took place via email while 18 percent took place via chat, 19 percent via voice and 9 percent via video.
As part of their course requirement the teams were asked to complete an organizational system needs analysis. The project included an assessment of an organization's enterprise system. The teams were required to assess the system in relation to the information given to them about the organization. The teams then had to determine what capabilities the system had and what capabilities the organization needed. The team submitted one project to their instructor.
Data Collection
Data were collected via an online survey emailed to students. Surveys were emailed to participants on the day their assignment was due. Participants were asked to answer questions based on their team experiences and were informed that their responses would remain confidential. A seven-point Likert scale was used to measure all constructs.
Prior research on subgroup formation in virtual teams has found that subgroups can be based on the geographic location of members [36, 42] . In other words, if two of more members of a virtual team are physically located together, they could create a subgroup. To check for the possibility of geographic collocation among team members, virtual team members were asked to provide the location of their home and work. Based on this information, no team members were physically located at the same address or worked at the same location. In addition, team members were asked how much face-to-face interaction they had with their teammates. Team members indicated that they relied on some form of electronic communications to interact with teammates and did not have any face-to-face interactions.
Control Variables
We used several control variables to reduce the possibility of alternative explanations. These included team size and team tenure (life of the team).
Independent Variables
Gender and racial diversity were calculated via Blau's index [3] . Blau's index is defined as: H=1-Ʃp2i. Where H is the heterogeneity score of a group, p is the proportion of team members that falls into a particular category, and i is the number of different categories represented in the team.
Subgroup formation items were taken from Earley and Mosakowski [11] . Items included "Our group really consisted of several smaller groups of people based on how people interacted with each other."
Dependent Variables
There were two dependent variables, social integration and open team communications. Social integration was measured with items based on prior literature [44] . Items included "My team works well together as a team." Open team communications was measured with items from Earley and Mosakowski [11] . Items included "We really listen to one another and try to understand the feelings and points of view of each other."
RESULTS
Psychometric properties were analyzed for each construct. Convergent and discriminant validity were accessed by an exploratory factor analysis ( Table 1 ). All items loaded at the level of 0.7 or above on each of their constructs; no cross-loadings were above 0.35. Both are clear indications of convergent and discriminant validity [12] . The means, standard deviations and reliabilities are all listed in Table 2 . The Cronbach alphas all ranged from 0.78 to 0.83, indicating adequate reliability. Next, the intra-class correlation coefficients (ICC) were calculated for all latent constructs. All ICC values above 0.10 were used to provide evidence that there is a significant team effect [4] . Hypotheses 1 and 2 posited the interaction effects between both team-and individual-level variables. This required the use of multi-level analysis [4] . We used SPSS 21.0 (IBM, Armonk, NY) mixed-model package to perform hierarchical linear modeling (HLM) to test the proposed model. The results of the multi-level analysis are shown in Table 3 . Model 1 shows the effects of control variables on the dependent variables. Model 2 shows the direct effects of the main effects. Model 3 shows the two-way interaction effects and Model 4 shows the full model with the three-way interaction effect. Both hypotheses were supported and plotted in Figures 2 and 3 . Perceptions of subgroup formation was significantly negatively related to both social integration and open team communications when either racial or gender diversity was high, and perceptions were significantly positively related to both social integration and open team communications when both racial and gender diversity were low. 
DISCUSSION
The objective of this study was to determine whether the relationships between subgroup formation and social integration and open communications in virtual teams were moderated by racial and gender diversity in virtual teams. Results indicate that the racial and gender composition of virtual teams determined the impact of the perceptions of subgroups. The perceptions of subgroup formation were associated with increases social integration and open communications when racial and gender diversity in virtual teams were low; however the opposite was true when the racial and gender diversity in virtual teams were high.
Results of this study contribute to our understanding of diversity in virtual teams. Prior research on diversity in virtual teams has found that actual diversity like race, gender and age often does not have main effects [15, 51] . But instead the effects of team diversity seem to be contingent on contextual factors. These results parallel the research on team diversity in collocated teams [22, 56] . In both multilevel analyses racial and gender diversity did not have any main effects. They only became significant when coupled with perceptions of subgroup formation. Therefore, the results of this study provide further evidence of the contingent effects of team diversity in virtual teams while identifying a new moderator of their effects.
This study also contributes to our knowledge on subgroup formation. Results indicate that race and gender qualitatively change the impacts of the perceptions of subgroups. In the absence of race and gender diversity, subgroups are associated with positive benefits in virtual teams. This seems to provide some support for Carton and Cummings' [6] assertion that different types of subgroups can have qualitatively different impacts on teamwork. These findings support the minority view that subgroups can have positive team effects. At the same time, these findings help to explain why subgroups can have a negative effect. In doing so, this study helps to reconcile some of the mixed findings presented in the subgroup literature.
Implications for Theory
This study has several implications for theory. One, virtual team members in this study had full access to each member's identity as classmates. There was no attempt to hide the racial or gender identity of any team member. For example, all communications between team members included the sender's name. However, future studies would be useful to determine whether race and gender can be suppressed, and if so, whether this would reduce their negative effects when coupled with perceptions of subgroup formation.
Two, prior research on team diversity in both collocated and virtual teams has emphasize either actual or perceived diversity [19] . Although actual diversity is represented by actual differences, perceived diversity is represented by the perceptions of differences among team members [31, 33] . Our study found an interaction between both actual diversity and perceptions. This may indicate that both actual and perceptual measures are needed to fully account for the effects of team diversity.
Limitations
This study has several limitations. First, this study employed a cross-sectional research design. As in any study employing a cross-sectional research design, it is difficult to draw causal inferences. However, by using objective measures of team diversity this study potentially reduced the impact of common method bias normally associated with cross-sectional research designs. Second, this study used self-reported measures of race and gender. However, there can be other conceptualizations and measures of gender and race. The use of other conceptualizations and measures may provide different results. Finally, the participants of this study were graduate students enrolled in a distance-education course. Although students typically differ from full-time employees in terms of age and experience, these participants were of similar age (average 37) to employees working in many organizations. Nonetheless, these individuals were not embedded within an organization, and as such they were not exposed to organizational cultural or policy influences. Future studies may attempt to replicate these findings in an organizational context.
Practical Implications
The paper has several practical implications. Research has found that training and leadership styles can mitigate some of the negative effects associated with subgroup formation [34, 35] . Managers may want to take an active lead in heading off potential problems associated with racial and gender diversity resulting from subgroup formation.
Creation of a common identity among people of diverse racial backgrounds and genders can be difficult but is clearly not impossible [22] . Managers may need to leverage their company's organizational identity to help create this common identity in diverse virtual teams.
Conclusion
We sought to extend our understanding of the effects of subgroup formation in race-and gender-diverse virtual teams. We found that the impact of subgroup formation can be dependent on a virtual team's racial and gender diversity. Perceptions of subgroup formation were negatively related to social integration and open communications when racial and gender diversity were high but not when they were low. By taking a multi-level approach we were able to see how the impact of race and gender varied individually among members of virtual teams.
